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Abstract 
We report a gas sensor using an anodic TiO2 thin films that were synthesized on Si wafer with Pt electrodes on top. 
The anodic TiO2 films were prepared through an anodic oxidation in fluoride-ion-containing electrolytes. The 
obtained material was annealed at 450 °C for crystallization. Two Pt electrodes were formed on TiO2 film. The 
electrical behavior during anodization was measured. The material properties of TiO2 film were studied using a 
scanning electron microscopy (SEM), Energy dispersive X-ray spectroscopy (EDS) and X-ray diffraction (XRD). 
Gas response measurements to hydrogen (10, 100, 1000 ppm) were carried out by varying operation temperatures 
ranging from 30 - 200°C in Ar buffers. The sensor showed a prominent response towards H2 at 200 °C.  
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
H2 is one of the most attractive renewable resources and can be used in many applications such as 
aerospace, medical, petrochemical, transportation, and energy. The use of H2 in fuel cells for 
transportation and power generation applications has raised interest today and can lead to less polluting 
vehicles because the only exhaust emission is water.  
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TiO2 is one of the most used gas sensor materials for H2 detection. The gas sensing capability of TiO2 
is based on the changes in the film conductivity in the presence of oxidizing gases [1]. Anodic TiO2 thin 
film is well known to have pronounced sensitivity toward H2 [2]. However, when anodic TiO2 film is 
synthesized based on the Ti metal sheet, the potential applications of the film, such as microelectronic 
devices, become limited. Alternative studies of forming TiO2 films on other substrates, such as ITO film 
[3] and silicon substrate [4], have been reported. However, only little attention has been paid to gas sensor 
applications using these alternative methods.  
In this work, an anodic TiO2 film was synthesized on a SiO2/Si substrate and studied.  H2 sensing 
performance of the film was evaluated at different working temperatures and concentrations, when H2 
was introduced in argon buffer. 
2. Experimental 
High purity Ti (99.9%) was deposited on a SiO2/Si substrate by a DC magnetron sputtering device 
(BAL-TEC MED 020). Sputtering was performed in argon (Ar) at a pressure of 0.02 mbar and at room 
temperature with a current of 100 mA. The anodic TiO2 thin films were synthesized via anodization of Ti 
film in an organic electrolyte containing NH4F 0.5 wt.% with ethylene glycol for 5 minutes, at room 
temperature. Afterwards, the sample was annealed for 6 hours at 450°C in air to crystallize. Finally, 
platinum (Pt) electrodes were sputtered on TiO2 thin film in order to obtain electrical contacts, as seen in 
Figure 1. Pt electrodes were sputtered at the same condition as above. The resistance between two 
neighbouring electrodes was detected by measuring the current voltage curve. The contact to the platinum 
electrodes was taken by a Rucker&Kolls 666 needle probe station and the current was measured with a 
semiconductor parameter analyzer (HP5145B). As seen in figure 2 (b), the resistance is estimated to be 
530 MΩ. Electrical behaviour during the anodizing process was observed with a multi-meter connected to 
a computer. Field emission scanning electron microscopy (FE-SEM, Hitachi S-4800) equipped with 
Energy-dispersive X-ray spectroscopy (EDS) and X-ray diffraction (XRD, Philips X’Pert Pro MPD X-ray 
powder diffractometer) were employed to study the surface morphology and the crystalline phase, and the 
elemental analysis of TiO2 film. Gas sensor measurements were carried out in a closed and dark chamber 
(Linkam THMS600 heating and freezing stage), where exact concentration of hydrogen in argon was 
introduced. The gas concentration was adjusted by using mass flow controllers. At the same time, the 
conductance of the sensor was measured by a multimeter (Agilent 3458A). Prior to gas sensor 
measurement, the sample was heated to 200 °C for 1 hour in order to clean the sensor surface. The sensor 
was operated at different working temperatures ranging from 30 to 200 °C with the heating and cooling 
rate of 10 °C / min. 
 
Fig. 1. Schematic of the sensor with platinum electrodes 
3. Result and discussion 
The electrical behavior of the sputtered Ti film during anodization is shown in fig 2 (a). Since the 
substrate is covered by thin Ti, the current density is similar to typical anodization of Ti, as reported in 
elsewhere [5]. However, when anodization was applied for a longer period of time, the Ti film was 
dissolved by acid electrolytes.  
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 Figure 3 shows the SEM image and the EDS analysis result of the anodic film. After anodization, the 
morphology of the film was a regular array of pores having diameters in the range of 10-20 nm. Ti, O and 
Si peaks are observed as expected. As the TiO2 film covers the substrate, the Ti peak is shown more 
significantly than the of Si, which is the underlying substrate. From the XRD pattern analysis, the anodic 
TiO2 film on Si showed the reflection of anatase and titanium peaks were not visible. Small amounts of 
rutile were observed. Some extra peaks were shown which are caused by the underlying Si substrate.  
The working temperature is an important parameter to evaluate the performance of metal oxide gas 
sensors. Increasing the working temperature decreases the surface resistance of the semiconductor film. In 
our study, the anodic TiO2 thin film showed similar electrical behavior.  
  
Fig. 2. a) Current density during anodization of sputtered Ti film in ethylene glycol electrolyte containing 5 wt.% NH4F, b) Current-
voltage characteristic of anodic TiO2 film measured in air at 25 °C  
   
Fig. 3. FE-SEM image (a) and EDS result (b) of anodic TiO2 film 
The H2 sensing performance of the sensor was calculated as 
S (%) = (Ggas – G0) / Go × 100   (1) 
where G0 and Ggas are conductance of the sensor in absence and presence of H2, respectively. Figure 4 
shows relative response of conductance with time in presence of H2. The sensor was found to be sensitive 
to H2 as the sensitivity increased with raising the working temperature, seen in figure 4. When H2 was 
introduced into the sensor, the current of the sensor increased, since H2 is reducing gas, and anatase, 
which consists of the sensor element, is an n-type semiconductor. The response of the sensor to 100 ppm 
at different working temperatures of 30, 50, 100 and 200 °C was 4.5, 6.5, 29 and 250 %, respectively. 
This result shows that the H2 sensing performance of anodic TiO2 is influenced by the working 
temperatures. The sensor exposed to 100 ppm H2 at these temperatures shows a delay of approximately 
20 s to return to their initial conductance. As seen in figure 4 (d), the sensor did not respond to 10 ppm H2 
and the sensor response was not clearly distinguishable between 100 ppm and 1000 ppm, since the sensor 
response was 270%.  
The H2 detection mechanism of anodic TiO2 film has been studied comprehensively with the discovery 
of the remarkable H2 response of anodic TiO2 nanotube arrays [2]. Some studies explained that high 
sensitivity of TiO2 film to H2 is due to chemisorbed O− species [6]. In our study, the measurement was 
carried out in Ar buffer. It can be considered that the sensor did not react to O−. Another explanation is 
the “spill-over” mechanism in which the active hydrogen atom is adsorbed at the interstitial positions in 
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the oxide lattice structure. Afterwards, partial electron change is transferred to TiO2. Thus, the 
conductance of the TiO2 surface increases. The present study will be demanded to demonstrate former 
theory and selectivity measurement for different gases, and to solve out the instability of the sensor 
performance to low concentration of H2.  
 
Fig. 4. Sensor response in Ar buffer at different working temperature a) 100 ppm H2 30°C, b) 100 ppm H2 50°C, c) 100 ppm H2 
100°C, d) 10, 100, 1000 ppm at 200°C 
4. Conclusion 
Anodic TiO2 film was synthesized via anodization of Ti film by DC sputtering and its material properties 
were characterized. After annealing at 450 °C for 6 h, Pt electrodes were deposited atop TiO2 film. The 
sensor was tested towards different concentrations and operating temperature in Ar buffer. Our 
demonstration showed that the response of the sensor is influenced by working temperature, and has 
distinguishably higher sensitivity at high temperature and stability.   
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